intensive growth of literature is pertinent on ALS. The results of this study are expressed in terms of growth of literature, output of individual countries, and authors, and will be helpful in collaborative research in future.
Introduction
The evidence of literature on amyotrophic lateral sclerosis (ALS) can be traced back to 1881, when an article on ALS was published in The Lancet journal [1] . Since then, there has been tremendous growth of literature on ALS, discussing the various aspects of the disease. The popularity of ALS became viral over the internet after the launch of 'Ice Bucket Challenge' in August 2014, by eminent people and celebrities from the global world for raising funds for ALS research [2] [3] [4] . ALS is a motor neuron disorder, characterized by muscle spasticity, atrophy, dysarthria (difficulty in speaking), dysphagia (difficulty in swallowing), and dyspnea (difficulty in breathing). Because of muscular atrophy, an individual with ALS loses control over self-initiated movement. Stephen Hawking, a famous personality, was a victim of the ALS disorder. It is also named as motor neurone disorder or Lou Gehrig's disor-der, because of its neurodegenerative characteristics. Some reports reveal that in an individual suffering from ALS, dementia, degenerative muscle disorder, and degenerative bone disorder coexist [5] . However, the individual may maintain his/her sensory function such as hearing, sight, touch, smell, and taste as the sensory nerves and the autonomic nervous system remain unaffected [6] .
There has been an increasing interest in bibliometric research, especially in medical sciences, for quantitative analysis of literature published in a specific time period. A study on rheumatological research in the European Union reported that the 'statistical measurements of published literature help in understanding the advancement of knowledge over a period of time on a given subject [7] '. This paper is an effort to measure the research advancements in the area of ALS as it has become one of the most sought after disorder subsequent to the launch of 'Ice Bucket Challenge'. This study will help in understanding the trends of research over a period in terms of literature growth on ALS, publication counts of countries, authors, and journals, types of publication; citation patterns; subject coverage; and highly cited articles.
Literature Review
Bibliometric studies carried out in recent years provide a precise objective for measuring the contribution of an individual and an organization to the advancement of knowledge in a particular field. There are several bibliometric studies on neural research that present trends on literature growth and interpret the results statistically. These studies appear in different journals, dedicated to publish research related to neurology. In recent years, various researches on neurological disorder have been analyzed using the bibliometric methods, such as the publication output on Parkinson's disease [8] [9] [10] , Alzheimer's disease [11] [12] [13] [14] , and Guillain-Barre syndrome [15] . Some other bibliometric studies related to these diseases are specialty focused on the contribution by specific countries [16, 17] . These literature reviews do not produce any evidence on the involvement of research output concerned with ALS. Thus, the objective of this study was to analyze the research trends on literature published on ALS during the period from 1974 to 2013.
Objectives
The objectives of this study are: (i) To find the growth of literature on ALS during 1974-2013; (ii) To assess document types and language of publication;
(iii) To adjudge most productive countries, authors, and journals; (iv) To assess the shift in research trends in various subjects; (v) To trace the status of highly cited papers.
Methods
The data was collected from the SCOPUS multidisciplinary bibliographic database. The keywords 'amyotrophic lateral sclerosis', 'motor neurone disease', 'Charcot disease', 'Lou Gehrig's disease', 'Ice Bucket Challenge' available in the title, abstract, and keyword fields of SCOPUS database were used to extract bibliographic information for the period from 1974 to 2013. The articles published from England, Scotland, Northern Ireland, and Wales were considered as being published from the United Kingdom. The performance of the individual author and institution was determined based on the number of articles written by the author and his/her affiliation address. The citation count was taken as the number of citations scored by each title since its publication till December 2013. The journal impact factor was obtained from the 2013 edition of Journal Citation Report, published by ISI Web of Knowledge. The h -index [18] , defined as 'the number of papers with citation number greater than or equal to h ', was taken from the SCOPUS database.
Results

Document Type and Language of Publication
The 21,750 publications on ALS disorder were distributed in 11 document types, as indexed in the SCOPUS database. These include 13,206 articles as the most popular document type, which comprises 60.72% of the total production, followed distantly by reviews (4,421; 20.33%), conference papers (1,224; 5.63%), letters (877; 4.03%), editorials (598; 2.75%), notes (487; 2.24%), and short surveys (416; 1.91%). Other document types with less than 1% contribution were book chapters (156; 0.72%), errata (71; 0.33%), books (11; 0.05%), and conference reviews (4; 0.02%). There were 372 articles which were not classified in any group. As journal articles represented the majority of document types, 13,206 articles (60.72%) were further analyzed for interpreting various results. The 21,750 articles were published in 28 different languages; of which, 19,261 articles (88.56%) were published in English.
Characteristics of Publication
The characteristics of ALS publication outputs during the period of 40 years from 1974 to 2013 are presented in table 1 .
The trends of publication are analyzed in a period of 5 years duration in terms of total number of articles, growth rate (GR), annual GR (AGR), total number of authors, average number of authors, total citations, and average citation per paper (ACPP). It was found that the publication on ALS-related research obtained an overall GR of 1,543.59 (AGR of 39.59%) with 507 articles in the period [1974] [1975] [1976] [1977] [1978] The data were further analyzed, and it was found that a significant correlation exists between the annual cumulative number of publications and the period of study 1990  1974  1982  1991  1975  1983  1992  1976  1984  1993  1977  1985  1994  1978  1986  1995  1979  1987  1996  1980  1988  1997  1981  1989  1998  2006  1999  2007  2000  2008  2001  2009  2002  2010  2011  2003 Due to the high coefficients of determination (r 2 = 0.9707), the rate of increase in global publication on ALS is expected to continue. Li et al. [8] reported an increasing trend of publications, which deals with neurological disorders such as Alzheimer's disease, multiple sclerosis, Huntington's disease, and Friedreich's ataxia.
Productive Countries
The publications share of the 10 most productive countries in ALS is given in table 2 . The publication research ranges from 2.22 to 34.37% during 1974-2013. USA ranks first in the list, with a publications share of 34.37% during 1974-2013. Japan ranks second, followed by Italy, United Kingdom, and Germany (their global publications share ranging from 10.92 to 6.69%). Canada, France, Netherlands, Spain, and Australia rank at 6th-10th positions and their global publications share ranges from 5.39 to 2.22%. Among these top 10 productive countries in ALS research, Netherlands has 97.42% papers produced from Netherlands only, while Japan has least papers (22.19%). The United Kingdom has 79.07% articles, while Germany has 73.04%. Most of the papers published from Japan are published in collaboration with other countries, followed by USA (66.05%) and Italy (47.71%). Table 3 presents the status of 20 most productive journals, which publishes about 29.16% global literature on ALS. A total of 21,750 articles were published in a wide range of journals, conferences, and books. The journal 
Productive Journals
Most Productive Authors on 'ALS' Research
The analysis of author's contribution to ALS research was carried out based on the most number of articles published during the period of study. It helps to identify those researchers who have made important contributions in ALS research. A total of 99,011 authors either singly or in joint collaboration published 21,750 articles. Of these authors, it was found that 15 authors have made the highest contribution ( table 4 ) . Of these, 'Albert Christian Ludolph' had published the most number of articles on ALS (217 papers) and is the most productive author without author information (116 articles, 2.3% of 5,109 articles) followed by 'Peter Nigel Leigh' (186 papers) and 'Vincent Meininger' (177 papers). In terms of citation count, 'Don W.W. Cleveland' had scored the most number of citations for 109 papers with an ACPP of 136.95 followed by 'Peter Nigel Leigh' (10,836 citations; ACPP 58.4), and Stanley H. Appel (7,398 citations; ACPP 54.4). The research impact of these authors was found in terms of h -Index. 'Don W.W. Cleveland' had the highest h -Index value of 62, followed by 'Peter Nigel Leigh' ( h -Index 60), and 'Stanley H. Appel' ( h -Index 53; table 4 ).
Subject Coverage of ALS Papers Published from India
The ALS documents appeared in 27 different subject categories (SCOPUS Journal Subject classification). The highest publications were related to the subject category Medicine (13,464 publications, 61.90% share). The other subject categories were Neuroscience (9,870 publications, 45.38% share), Biochemistry, Genetics and Molecular Biology (5,526 publications, 25.41% share), and Pharmacology, Toxicology and Pharmaceutics (1,638 publications, 7.53% share). These 4 subjects' have contributed 1,000 and more documents on ALS, and the majority of documents fall into these 4 categories. Being a multidisciplinary area, the subjects have been put into more than one category. The other prominent subject classification of ALS research is given in table 5 .
Institutes' Research Performances
The contribution of top 10 most productive institutes is given in table 6 . Massachusetts General Hospital, USA is the most productive institute with 383 publications, which is 1.76% of the total global output. King's College London was ranked second (351; 1.61% share) and VA Medical Center, USA (322; 1.48%) third. In terms of citation count, Massachusetts General Hospital, USA ranked one (29,327 citations), followed by Kings College London (16,928 citations), and Johns Hopkins University, USA (16,636 citations). Impact in terms of ACPP, Johns Hopkins University, USA topped the rank (84.02 citations per paper), followed by Massachusetts General Hospital, USA (76.57 citations per paper), and Johns Hopkins School of Medicine, USA (71.61 citations per paper).
Most Frequently Cited Paper
The research impact of any work published in the form of an article is assessed in terms of citation scored by the article since its publication. Marx and Cardona [19] cussed the citation activity in terms of time dependency of an article and refer to it as 'sales figure' of the article. Table 2 presents the status of 10 articles on ALS, which are most frequently cited. The article 'Nitric Oxide, Superoxide, and Peroxynitrite: The Good, the Bad, and the Ugly' was the most frequently cited article on ALS, with an average citation of 203.33 citations per year since its publication in 1996. The citations slightly increased after it was published and reached a maximum after 6 years. However, a decreasing trend can be seen after 6 years (i.e. 2002). This article basically deals with the effect of nitric oxide, superoxide, and peroxynitrite on internal messenger services. Furthermore, antibodies to nitrotyrosine have revealed nitration in human atherosclerosis, myocardial ischemia, septic and distressed lung, inflammatory bowel disease, and ALS [20] . Table 7 also gives the citation count by 3 different databases such as SCOPUS, Google Citation, and Web of Science. A significant difference can be observed in the number of citation data available through these 3 sources. These variations in terms of quantity and quality of citation through these sources have always been debatable and will be used as a measure of research impact [21] . The citation analysis of the top cited articles since their publication describes the research impact in that particular subject field. Several studies have assessed the impact based on the citation count. Aversa [22] reported 2 types of citation patterns: 'delayed rise -slow decline' and 'early rise -rapid decline'. Various other terminologies to such kinds of citation pattern, where 'delayed rise -slow decline' papers often turn out to be more valuable and influential. According to Stent [23] , these are known as 'scientific prematurity', while Garfield [24] termed them as 'delayed recognition' and Van Raan [25] as 'sleeping beauties' . Fitting into these hypotheses, 2 papers on ALS -Rosen et al. 
Discussion
ALS is a neurodegenerative motor neuron disorder, characterized by muscle spasticity, atrophy, dysarthria, dysphagia, and dyspnea. Because of muscular atrophy, an individual with ALS loses control over self-initiated movement. The ALS gained publicity with the involvement of celebrities worldwide in a campaign known as 'Ice Bucket Challenge'. The SCOPUS database had indexed 21,750 articles during the period 1974-2013. There were 16 document types used in ALS research publications, where 60.72% documents were published as journal articles. Though journal articles were the most prominent mode of publication, there were also conference pa- 
